The sheanut tree (Vitellaria paradoxa Gaertn) is indigenous to the Guinea Savanna belt of West Africa extending from Senegal in the West to Sudan in the East. The tree's response to vegetative propagation methods is very poor and inconsistent. Impact of different fungicides (Ridomil 72 plus, Dithane M45, Nordox 75 and Kocide 101), their different concentrations and frequencies of application and the application of a hormonal rooting powder (Seradix 3) were studied at Bole, Ghana from June to August, 2005. Significant rooting was observed when Dithane M45 was applied at 2000ppm three times (once every two weeks) during the rooting period and gave the highest rooting performance when combined with Seradix 3 hormone. High concentrations of Dithane M45 did not significantly affect the degree of infection on cuttings. However, cuttings which were not sprayed with any fungicide recorded significantly (P< 0.05) high fungal infection. Ridomil 72 Plus, Kocide 101and Nordox 75 lower rooting performance in shea cuttings.
INTRODUCTION
Sheanut tree (Vitellaria paradoxa Gaertn) is one of the more frequently found species in the Guinea Savanna belt of West Africa extending from Senegal in the West to Sudan in the East (Dalziel, 1955) . It is recognized as a non-traditional export crop. Processed shea butter is known to have very good qualities and could act as a possible substitute for cocoa butter for manufacturing cosmetic products (Hall et al., 1996) . It is appreciated for its skin healing and protective properties (Michael and Koffi, 2001 ). In Northern Ghana, the sheanut tree is the main source of livelihood to a large number of the populace (Irvine, 1961) . Due to its importance to the inhabitants of the Northern part of Ghana, traditional laws have been enacted which make it a taboo to cut down the tree under any circumstance (Bolewura Amankwaa, personal communication). Opoku-Ameyaw et al. (1996) , working at Cocoa Research Institute of Ghana (CRIG) substation at Bole achieved little success using air layering with softwood (33.3%) and semi-hardwood (22.3%). Other trials performed at the same location showed that stem cuttings from coppiced sheanut trees had promising rooting ability (Opoku-Ameyaw et al., 2000) . Currently, the development of effective propagation method that will facilitate the rapid multiplication of trees to meet increasing demand for planting materials is the main focus of CRIG's research activity. Vegetative propagation methods vary with genetic constitution of the plant species (Nanda and Tandon, 1967) , but success rate of most vegetative methods (grafting, budding, layering and cuttings) is low (Opoku-Ameyaw et al., 2000) and according to Hartmann et al., (1997) , this may be improved by considering essential environmental and biochemical factors .
A major cause for low success of vegetative propagation methods in shea is poor rooting of cuttings and this has hampered the establishment of shea plantations in Ghana. Most of the cuttings suffer from fungal attack during the rooting process thus hampering rooting performance (personal observation). This paper reports on experiments conducted at the Cocoa Research Institute of Ghana substation at Bole in the Northern Ghana to establish reasons for the low and inconsistent propagation successes and to develop strategies to ensure successful propagation techniques which will facilitate rooting of cuttings of the sheanut tree.
MATERIALS AND METHODS
Study Site: A series of experiments were carried out at the Cocoa Research Institute's substation at Bole in the Northern Region of Ghana in 2005. Bole is located within an altitudinal range of 100-600m with one rainfall maxima (600-1400mm) which occurs from May to September (Hall et al., 1996) and mean annual temperatures ranging from 25 to 29 o C .The Northern Region falls within Guinea Savanna belt of West Africa.
Experiments were carried out in a polythene propagator made of a wooden frame and covered with a transparent polythene sheet. The propagator, divided into apartments of 1.96 m 2 each was filled with layers of stones, gravels and sterilized rice husk rooting medium (Yeboah, 2005; Ofori-Gyamfi,1998) ( Figure 1 ). Unless otherwise stated, the base of each shea cutting was dipped into 8000ppm Seradix 3 hormone (indolebutyricacid, indoleaceticacid and cytokinins) to a depth of 0.05 m for five seconds, airdried for 10sec and inserted into the rooting medium. Spacing between the cuttings was 0.13 m. Effects of fungicides and Seradix 3 hormone on rooting of shea stem cuttings: In this experiment, four types of fungicides, Dithane M45 (16% zinc; 3% manganese and ethylene), Ridomil 72 Plus (60% copper oxide; 12% metalaxyl), Nordox 75 (75% cuprous oxide) and Kocide 101 (77% copper hydroxide) and Seradix 3 hormone were assessed in a two factor factorial experiment in the randomized complete block design in July, 2004. Factor A was five different fungicides, whiles factor B was hormone. Two hundred coppiced (rejuvenated shoots) cuttings were prepared by retaining 6 leaves on it as recommended by Opoku-Ameyaw et al. (2000) . The cuttings were divided into two batches of 100 each. The first batch was sub-divided into 5 sets of 20 cuttings each. Each set was placed in a separate apartment of the propagator and later sprayed with any of the four fungicides for 2 minutes at the manufacturer's recommended concentration. Dithane M45 was sprayed at 3000ppm, Ridomil 72 plus and Kocide 101 at 3300ppm and Nordox 75 at 3300ppm.
The second batch was also divided into 5 sets as above, dipped into Seradix 3 hormone before sprayed with the fungicides as was done for the first batch. Thus, the 10 treatment combinations assessed on the cuttings were: 1.
without 
Effect of varying concentrations of Dithane M45
and Seradix 3 hormone on rooting of shea stems cuttings: Due to the promising performance of Dithane M45 in the earlier experiment, varying concentrations of Dithane M45 were further evaluated on the rooting performance of shea cuttings. A set of 160 cuttings, each 1.5 cm long, were prepared by retaining 6 leaves per cutting (Ameyaw et al., 2000) . The design was a two factor factorial in the randomized complete block design. Dithane M45 was tested at 0, 2000, 3000 and 4000ppm and Seradix 3 hormone at 0 ppm and 8000 ppm. The 160 cuttings were divided into two batches of 80 each. One batch was further divided into four groups of 20 and each of the 20 cuttings in a group placed in one apartment of the propagator. The cuttings in each apartment were sprayed with one of the four Dithane M45 concentrations for 2 minutes with a hand sprayer. The other batch of 80 cuttings was first dipped in Seradix 3 hormone, subdivided into four groups as above and set in a second propagator. Each group was sprayed with one of the Dithane M45 concentrations for the same duration of 2 min. Each treatment was replicated three times. Monitoring was done weekly to remove dead and infected leaves and cuttings. Cuttings were weekly observed for signs of rooting from the 30 th to 120th days after setting. Rooting and number of roots developed, root length, callus formation, dormancy, infection on leaves and on cuttings were recorded Frequency of application of Dithane M45 and Seradix 3 hormone application on rooting of coppiced shea cuttings: Results of the effect of Dithane M45 and Seradix 3 hormone on rooting experiment indicated that Dithane M45 at 2000ppm gave the best rooting. An experiment was therefore conducted to determine the frequency of application of Dithane M45 and Seradix 3 hormone which will give optimum rooting success in shea. Dithane M45 was sprayed at 2000ppm on the stem cuttings once, two, three or four times and combined with 0ppm or 8000ppm Seradix 3 hormone in a 4x2 factorial in a randomized complete block design. A set of 160 coppiced shea stem cuttings were prepared as above, divided into two batches of 80 each. The first batch of cuttings was dipped in Seradix 3 hormone and set in the propagator with 20 cuttings in each apartment and sprayed at two weekly intervals for eight weeks with Dithane M45 at 2000ppm such that treatment 1, 2, 3 and 4 received one, two, three and four sprays respectively. Cuttings in the other batch were not dipped in Seradix 3 hormone but the same sequence of fungicide spraying described earlier was followed. The experiment was replicated three times. Monitoring was done weekly to remove dead and infected leaves and cuttings. Cuttings were weekly observed for signs of rooting from the 30 th to 120th day after setting. Rooting and number of roots developed, root length, callus formation, dormancy, infection on leaves and on cuttings were recorded.
RESULTS AND DISCUSSION
The effects of different types of fungicide and Seradix 3 hormone and their interaction on the rooting of shea stem cuttings are shown in Table 1 . Significant (P<0.05) number of roots developed on cuttings for all the fungicides at 3000ppm with Dithane M45 recording more roots than the other fungicides. The control gave the lowest rooting success. Callus formation was better and also significant for the tested fungicides than the untreated control. No significant effects were observed for dormancy in the cuttings and the number of roots per cutting. Dithane M45 treated cuttings recorded longer roots but did not significantly differ from the other fungicides. However the cuttings which were not sprayed with any fungicide developed the shortest roots. The higher success in rooting obtained for the Dithane M45 treatment may be attributed to the presence of manganese (Mn) and zinc (Zn) which are the main elements required to enhance root formation. According to Jarvis (1986) , Mn is responsible for activating the enzyme indoleaceticacid oxidase (IAA-oxidase) in cell division and rooting while Zn liberates IAA through the biosynthesis of tryptophan (Leopold, 1960) . Unlike Dithane M45, the other fungicides contained copper. Copper is reported to inhibit rooting by reducing apical meristematic activity which results in the dropping of leaves, resulting in the poor rooting performance (Landis et al., 1990) . Many injurious effects of copper based fungicides on leaf and stem have been reported, particularly in apples and pears (Hartmann et al., 1997; Llewelyn 1957) . (Table 1) . The results showed that Seradix 3 hormone helped rooting in shea cuttings through its hormonal activity. Middleton et al. (1980) suggested that carbohydrate concentrations may be influenced by auxin which can also enhance mobilization of carbohydrates in leaves in the upper stem and increase transport to the rooting zone. The low rooting performance of the control treatment may be due to the absence of the hormone to boost the level of the endogenous IAA to promote rooting through cell division (Kozlowski and Kramer, 1979).
There were significant interaction effects among the treatments, except for callus formation and dormancy (Table 1) .Thus, the use of fungicides and the hormone significantly (P<0.05) affected the number of rooted cuttings, number of roots per cutting and root length. Cuttings sprayed with 3000ppm Dithane M45 and dipped in 8000ppm Seradix 3 hormone recorded the highest and longest roots. Cuttings which were neither sprayed with fungicide nor dipped in hormone were inferior to both the fungicide alone and fungicide-hormone treatments. Seradix 3 hormone contains indolebutyricacid (IBA) which has been reported to increase the IAA levels thus enhancing cell division leading to rooting (Hartmann et al., 1997) . Jackson (1986) indicated that, high concentrations of plant substances can be toxic and inhibitory, and can adversely affect the rooting performance of cuttings (Moorman et al., 1983; Reuveni and Raviv, 1980) . This probably accounted for the poor rooting performance of Dithane M45 at 3000 and 4000ppm and may be due to higher levels of Mn and Zn which are inhibitory to the functioning of auxins for rooting.
Seradix 3 hormone gave significantly (P<0.05) more rooting and dormant cuttings than the control, but did not significantly affect callus formation, number of roots per cutting and root length. Cuttings sprayed with 2000ppm Dithane M45 and dipped in Seradix 3 hormone significantly (P<0.05) produced the highest number of rooted cuttings (mean of 11.5). Cuttings which were sprayed with 4000ppm Dithane M45 without hormone application significantly (P<0.05) recorded the highest incidence of dormancy while those which were not sprayed with the fungicide but dipped in the hormone recorded low or no rooting. (Table 3 ). The three times application of the fungicide also recorded significantly (P<0.05) higher number of dormant cuttings and longer roots than the other treatments. The rooting performance may be due to the fungicide which protected the leaves on the cuttings from infection (Reuveni and Raviv, 1981) resulting in the provision of photosynthates for the cuttings (Hartmann et al., 1997) . The four times application, however, reduced the rooting performance. This result agrees with Jackson's (1980) who observed that high concentration of fungicide becomes inhibitory to the performance of auxin in cuttings. With the exception of the number of dormant cuttings which did not respond significantly to hormone application, cuttings which were dipped in Seradix 3 hormone significantly gave more and longer rooting, than the control (Table 3) . As observed by Blazich et al. (1983) , movement of boron, nitrogen, zinc and potassium to the rooting zone is enhanced by auxin treatment This phenomenon might have promoted a better rooting performance in the Seradix 3 hormone treated cuttings. The Seradix 3 hormone also enhanced the mobilization of carbohydrates in leaves, upper stem and increased transport to the rooting zone (Middleton et al., 1980) .
Nordox 75 recorded the lowest infection rate. Also, the various concentrations of the fungicides gave no significant differences in the numbers of dead cuttings and leaves that dropped but were better than the control. Cuttings sprayed with Dithane M45 at 3000ppm and 4000ppm had low infection on both the stems and leaves. Spraying Dithane M45 at 2000ppm at the various frequencies (except control) significantly affected the degree of infection on the cuttings and leaves. Four times application recorded the lowest infection rate (Table 4) . Hartmann et al. (1997) observed that infection occurs on materials which are not treated with fungicide and can destroy both the leaves and the stem. This was supported by Yoder (1980) and Otani et al. (1985) who further explained that, the presence of fungi on cuttings resulted in the release of some toxic substances that penetrated and destroyed the tissues in the cuttings. Fungicides sprayed on plants helped in the retention of leaves (Ruveni and Raviv, 1981) and enhanced photosynthetic activity as well as the production some plant substances such as vitamins, phenols and auxins which contributed to their growth and development (Leopold, 1960) . 
